ANGIOCARDIOGRAPHY and cineangiocardiography are employed with increasing frequency for the diagnosis of cardiovascular diseases. These commonplace technics of cardiovascular radiology depend upon the rapid injection of radiopaque materials into the heart or central circulation. A wide variety of substances are in use, but all are hypertonic and some are considerably more viscous than blood. A variety of studies are available to indicate that the hemodynamic effects can be related to chemical structure, -3 but as newer and safer agents have become available it seems clear that the pharmacodynamic effects are related most importantly to the hypertonicity of these compounds. The effects of the injection of oontrast media can therefore be considered to be the effects of hypertonicity on the circulation, and the study of these effects assumes considerable practical importance.
terials in-to the left heart and aorta in man can be quite different from those following rightsided injection and have not been well documented." We have observed significant and consistent changes in a variety of hemodynamic parameters as a consequence of the injection of radiopaque materials into the left atrium, left ventricle and aorta in patients undergoing diagnostic cineangiocardiography. ' 2 These clinical observations, supplemented by related animal experiments, form the subject of the current report.
Materials and Methods
The records of 101 patients undergoing cineangiographic studies have been analyzed. Al] patients were studied by technics previously described. [13] [14] [15] The electrocardiogram and intracardiac pressures were recorded before and after the injection of radiopaque material in every case. Left atrial pressure was recorded for at least 15 minutes after left atrial injections of contrast material in 28 patients, and after left ventricular or aortic injections, or both, in 21 patients. The other patients had less prolonged or less systematic observation.
Sodium and methylglucamine diatrizoate (75 per cent or 90 per cent Hypaque) was the radiopaque material injected into all patients. The dose was 30 to 50 ml., depending upon body weight, heart size, and site of injection. Sodium and methylglucamine diatrizoate (90 per cent) contains 30 per cent sodium salt and 60 per cent methylglucamine salt with edathamil calciumdisodium 1:10,000, and the pH is adjusted to between 6.5 and 7.5. At body temperature, the 90 per cent solution has a viscosity approximately four times that of water and an osmolality 10 times that of blood. The 75 per cent solution is made up of 25 per cent sodium and 50 per cent methlyglucamine salts. No qualitative or obvious quantitative difference in reactions to the two concentrations was noted, and hence no distinction was made between the two in the analysis of results. The changes in arterial pressure are illustrated in figure 3 . During the first minute after injection of Hypaque into the left heart, a drop in peripheral artery pressure of 20 to 30 per cent occurred. This hypotension was accompanied by a transient increase in heart rate of 10 to 15 per cent. Both arterial pressure and heart rate returned to control values within 3 or 4 minutes after the injection. i tonicity was not attempted here. As hematocrit and spectrophotometric changes in the blood occur with the injections of hypertonic solution, and these alterations can influence the flow measurements, it is important to emnphasize that similar flow changes were recorded whether dye-dilution, rotameter, or electromagnetic flow meter was utilized for the cardiac output determination.
Hematocrit Valiue
In 14 dogs, serial hematocrit determinations after injection of 50 per cent glucose showed changes similar to those resulting from injections of Hypaque. Hematocrit changes occurring after a regional injection of the material were also studied. The femoral artery was most frequently used as the site of injection and samples were withdrawn from the accompanying vein. The drop in hematocrit level in the first minute after injection wvas extreme, usually more than 50 per cent, sometimes as much as 70 to 80 per cent of the control value.
The effect of hypertonic solutions on the hematocrit level was studied in vitro by adding solutions to blood in a beaker. The addition of a volume of Hypaque equal to 2 per cent of the volume of blood in the beaker resulted in a 10 per cent reduction in the hematocrit level. Therefore, the drop observed in vivo was at least in part the result of shrinkage of red blood cells due to the loss of red cell water ( fig. 7 ). Shrinkage and deformation of red cells could be observed by light microscopy after the addition of radiopaque material.
Observations on the Effects of Hypaque on the Coronary Circulation
In five dogs, left coronary blood flow, left ventricular diastolic (or left atrial) and peripheral artery pressures, myocardial contractile force, and multiple electrocardiographic leads were recorded during the intracoronary injection of S to 2 ml. of radiopaque or other hypertonic media. The changes are illustrated in figure 8 . There was an initial marked drop in coronary blood flow, which may be a-ttributed to the high viscosity of Hypaque 
Discussion
It xxas the recognition of the change in left atrial pressure (most pronounced in patients with mitral stenosis) after injection of radiopaquie material that stimulated this investigation. An inicrease in cardiac ouitptut is chiefly responsible for the changes, but a rise in left ventricular enid-diastolic pressure also contributes, and the elastic properties of the left atritum must play a role.21 2 Circultrion, Volume XXXI, May 1965 It is important to niote that there is no evidence to indicate that an increase in the severity of mitral regurgitatioi or the developm-enit of this lesion is responsible for the changes in puilse contour. MXlany of the patients witli "pure mitral stenosis" showing the increase in the "v xwave have beenr operated iponll and no mitral insuifficiency has been founiid; in others, mitral regurgitationi has not becni seeni duiring left vxentricular angiograms. Stuidies in dogs xxith suirgically produced "mitral steniosis" confirm the fact that iincreases in stroke output accouint for the increase in the "v" wx ave since mitral insufficiency cannot occuir in this preparation. Hence, it is clear that the v'-wxxave inicrease is duie to increased atrial filling as a resuilt of the increase in cardiac ouitput.
The The effects of the injection of hypertonic media into the right side of the heart can be different in many important ways from the effects observed after left-sided injection. As previously mentioned, the changes with the right-sided injections are more variable than those resulting from left-sided injections and must be dependent on the amount as well as the hypertonicity of the solutions delivered. After right-sided injections, pressures rise in the pulmonary artery and throughout the right heart, systemic pressure falls, and cardiac output falls; bradyeardia and ectopic beats regularly occur. Numerous animal experiments4' 20 have led to the suggestion that blockage of the pulmonary vascular bed by aggregated red blood cells can be the explanation for the events that follow rightsided injection. The hematocrit changes demCirculation, Volume XXXI, May 1965 RADIOPAQUE MATERIAL onstrated in the current investigation are in keeping with the hypothesis that sludging and clumping of the red cells are occurring, but indicate that the flow and pressor responses to this phenomenon are quite different in the systemic and pulmonary circulations. In the presence of pulmonary hypertension and increased pulmonary vascular resistance, these differences between right-and left-sided injections may be especially important when considering the "toxic effects" of contrast material. The changes resulting from the injection of hypertonic radiopaque material into the central circulation in man are widespread and dramatic. Awareness of these factors is important in the interpretations of data obtained after angiography as well as in explaining and avoiding untoward effects of radiopaque material. Contrast media have become safer in recent years, but hypertonicity will almost certainly remain as a property of these agents, and hence the effects described in this report will continue to occur with such agents. The relative safety of the injection of Hypaque into the heart or central circulation is illustrated by the fact that more than 500 patients were studied by cineangiography during the period when the data for this report were accumulating, and no deaths occurred although many patients had two or three injections. Significant reactions were few and chiefly limited to transient periods of mild hypotension or arrhythmia.
Summary
The hemodynamic changes resulting from injection of radiopaque material into the left heart in a series of patients undergong cineangiographic studies have been reported. The hypertonicity of radiopaque materials appears to be responsible for much of the observed reaction. The mechanism whereby hypertonic solutions produce the observed physiologic changes remains unknown.
Changes observed in patients could be reproduced in experimental animals. The combined experimental and clinical data show that left atrial pressure increases, left atrial pulse contour alters, stroke output increases, Circulation, Volume XXXI, May 1965 heart rate is much unchanged, peripheral artery pressure falls, hematocrit level falls, and myocardial contractile force decreases mildly and transiently.
The difference between the physiologic effects of injecting hypertonic media into the right and left sides of the circulation is discussed.
Because the pressure changes are easy to monitor and parallel the other features of the hemodynamic reaction, it is good to wait until pressures have returned to the pre-angiographic level before proceeding with the injection of more radiopaque material. This usually requires 15 minutes.
